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of ".preventive" resistance or reactance leads as in the case of
the single-phase motor.
The transformers used with the alternating current motor
equipments have been standardized for 3000, 6000, and 10,000
volts trolley potential and are connected directly between trolley
and ground. On account of the insulation strains liable to be
imposed on the motor windings when auto-transformers are used,
the present tendency is toward the use of two-winding trans-
formers, the secondaries of which are provided with a number
of taps. The transformer is mounted under the floor frame of
the car.
While the adjustable ratio transformer control system works
well for single-phase railway motors, polyphase motors require a
different system. Where wound rotors are used and but one
running speed is required, a type of rheostatic control is used.
By arranging the stator windings of the motors so that they may
be connected to form different numbers of poles around the stator
periphery other running speeds may be obtained. A controller
whose main drum cuts resistance in or out of the rotor circuits
as may be desired and whose auxiliary drum performs the func-
tions of reversing switch and pole changing switch meets the re-
quirements where more than one running speed is necessary.
As three-phase motors are used only on heavy cars or locomotives,
the master control system is used almost universally; the con-
trollers just mentioned simply control the auxiliary circuits which
operate the switches in the main circuits. Liquid resistances are
often used for the starting resistances of three-phase locomotive
motors.
Combined Alternating and Direct Current Control.—As
previously pointed out, it is desirable that most alternating current
interurban roads operate cars to the heart of the terminal cities.
They must, therefore, be able to operate upon both alternating
and direct current. In order that the control equipment may be
fitted for either, some changes in detail must be made and a
considerable complication of circuits results. The various parts
of the apparatus such as controller, reverser, contactors, etc., are
used in common by the two systems. A number of changes in
connections, however, must be made in shifting from one system
to another. These are principally as follows when changing from
alternating to direct current operation:
Change transformer taps to resistance taps.

